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Captain SANKEY : At the end of last meeting Mr. Kapp captain
1 ° . Sankey.

asked what error was involved in using resistance A in parallel, it
having been measured in series. A drawing (Fig. 6) has there-

Sbcuxdardi Ohm,

(Connections shown, iri faZZ, Unes for Series, working
l • •• •< "dotted, '• " ParaZZeL -

F I G . (I.

fore been prepared of this resistance, but for a description of it
reference is made to page 531.

When resistance A is arranged in series for comparison
with the standard ohm, the copper bridge-pieces are placed in
the mercury cups as shown in full lines; there are five of these
bridge-pieces. When arranged in parallel, the bridge-pieces are
placed as shown in dotted lines, and there are ten of them on
each side. The result of this arrangement is to practically
eliminate errors due to mercury contacts, as will be seen by the
following. The resistance in series is five times the resistance of
one strip plus five times the resistance of a bridge-piece with its
two mercury contacts, or = 5 s + 5 m. But when in parallel the
resistance is I s + -^ m, which is equal to l-25th of the resistance
in series. To test the above, measurements were made three'
days ago of resistance A when placed in series, and it was found
to be -72678 ohm at 11-4° C.; l-25th of which is -029071.
The resistance was then measured in parallel by the method
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Captain shown in Fig. 5. The first measurement—Fig. 5 (i.)—gave
•029082, and the second measurement—Fig. 5 (ii.)—gave-
•029075; the mean of the two measurements in parallel is
•029078, which is the same as l-25th of the resistance in.
series.

At the beginning of the paper it was mentioned that
the results obtained were in practical agreement with the
measurements previously obtained by the Siemens dynamometers.
Some figures on this point may perhaps be interesting. On the
12th May, 1891, the constant of Siemens dynamometer No. 2706
was obtained by the apparatus, and found to be 28*50 (the mean
of six readings); whereas the constant given of this instrument
was 28-67. The dynamometer was then sent to Messrs. Siemens
for re-calibration, and was returned with a constant 28*41.

Ar°rton01 Prof. AYRTON : As time did not allow of my finishing my
remarks on the last occasion, I had no opportunity of expressing
my admiration of the thorough way in which Messrs. Willans &
Eobinson have taken in hand the fitting up of testing appliances.
Many constructors of steam engines content themselves with
merely turning out the manufactured article, and leave the
purchaser to find out as he best can what the performance of
the engine may be. But Messrs. Willans & Eobinson, as is well
known, pursue quite the opposite course of furnishing the would-
be buyer with every means for testing the actual value of the
article to be bought. It therefore became necessary for this firm

, to construct every engine well up to the specification, and hence
this development of the testing arrangements at Thames Ditton
has gone hand in hand with obtaining a wonderful degree of
perfection and economy in the engines themselves.

If, then, I appear critical regarding some points in the paper
read at the last meeting by Captain Sankey and Mr. Andersen,
Messrs. Willans & Eobinson will know that I am so from a desire
to aid them in putting their arrangements for electrical testing
on a par with those for engine testing, the completeness of which
must have struck all visitors to Thames Ditton. And J feel sure
that should I, or any other speaker in this discussion, succeed in
throwing out any suggestion of moment, Messrs. Willans &



1891.] DISCUSSION. 543

Robinson will be the first to appreciate the force of such a professor
Ayrton.

suggestion.
On the last occasion, I drew attention to the method of

constructing a d'Arsonval galvanometer so that the deflection of
the spot of light right across a long scale, measured from a zero at
one end of the scale, should be directly proportional to the
current. Fig. 1 shows one of the galvanometers constructed in

R&sistanceR so thctb
120 Amperes may
gwe, 600Divisxcrvs

p
Fhosphor-Brarat

Strip.

FIG. 1. .

this way, and which has been in daily use in one of the
laboratories of the Central Institution for some years past. The
soft iron core has been omitted in this illustration merely to
enable the curved soft iron pole-pieces to be better seen, but I
shall have to speak later on of a d'Arsonval galvanometer which
we have constructed without, any iron core at all. The bent
continuous line on Fig. 2 shows the exact way in which the
deflection varied with the current before the coil was suspended
freely at the bottom and before the curved pole-pieces were
added; the divergence of the deflection from being directly
proportional to the current amounting to 2*7 per cent, in the
middle of the scale with this instrument, and to 3 per cent, with
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some d'Arsonval galvanometers. The dotted line shows the
calibration curve after these changes had been made, and it is
to be noticed that this dotted line is absolutely straight.

FIG. 2.

Fig. 2 also illustrates the fact that there is no necessity to
use a large sheet of squared paper merely for recording such a
calibration curve. Strips cut diagonally at an angle of 45°
from a continuous roll of paper are not only more convenient to
use and to keep, but, when a number of calibration curves for
different instruments have to be drawn, lthe total amount of
squared paper used up in this way is, of course, far less than if a
whole rectangular sheet be devoted to each instrument.

• In Fig. 1 is seen a very good form of key, constructed by
Mr. H. B. Bourne when he was one of our assistants. The key
has the advantage of affording a large rubbing contact, with a
simple and cheap form of construction.

As regards the variation of sensibility of a d'Arsonval
galvanometer with time, the following are the results obtained
with two of our galvanometers, one having been periodically
tested for nearly four years, the other for 15 months; the latter
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instrument was also tested for four years, but having had its coil, Professor
which was originally wound with copper, re-wound with platinoid
in October, 1889, the constant was, of course, entirely altered, so
that the continuous record of the behaviour of this second galvan-
ometer does not date back longer than October, 1889.

The first instrument is used as a voltmeter, and we record its
constant by the actual current in amperes, which gives a deflec-
tion of 600 divisions on a certain scale, both scale and galvanometer
being always kept in fixed positions. The second d'Arsonval
galvanometer is the one shown in Fig. 1, and, as it is always used
to measure the P.D. at the terminals of two platinoid strips
soldered together in parallel, as seen in that figure—in other
words, as it is always employed to measure indirectly the current .
passing through these strips—we record the constant of this
instrument by the resistance that has to be inserted in R so that a
current of 120 amperes flowing through the platinoid strips shall
give a deflection of 600 divisions, the galvanometer and its scale
being kept always in a fixed position.

The following are the results obtained:—

Voltmeter d'Arsonval Galvanometer.

Date.

January, 1889

October, 1889

January, 1891

October, 1891

Amperes required to produce a
Deflection of 600 Divisions.

0-0001697

0-0001725

0-0001768

0-0001772

Ammeter oVArsonval Galvanometer.

Oct.

Jan.

Date.

2nd,

30th,

1889

1891

Resistance to be put in Series with
the Galvanometer so that 120 am-
peres passing through the plati-
noid strips give a Deflection of
600 Divisions.

613-8 ohms.

613-8 „
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Professor. There is one great difference in t h e construction of these two

galvanometers which may account for t he sensibility of t he one

varying about 4 per cent, in four years, while t h a t of t he la t ter

has not altered perceptibly in 13 months . The coil of t he former

is suspended as t h e ins t rumen t maker frequently suspends it, viz.,

by means of a German silver wire, while t h e coil of t he la t ter we

have ourselves suspended with a narrow th in str ip of phosphor-

bronze. Now t h e disadvantage of using German silver as a meta l

for suspensions, and t h e .importance of employing a thin s t r ip

instead of a round wire, are hardly yet fully realised.

PHOSPHOR-BRONZE STRIP VERSUS GERMAN SILVER W I R E FOR

SUSPENDING GALVANOMETER COILS.

German silver has not only more sub-permanent set t han

phosphor-bronze, as shown by two independent sets of experiments

made on a number of alloys for Professor Pe r ry and myself by

Mr. Bower about 1884, and by Mr. H . B . Bourne about 1887,

b u t i t is a substance t h a t easily undergoes chemical change in t h e

atmosphere. An ins t rument , then , in which t h e coil is suspended

with German silver will not only have a greater zero error t han

if t he suspension be made of phosphor-bronze, bu t its sensibility

will change more rapidly with t ime.

Some ins t rument makers employ a circular platinoid wire

for suspending the coil of a d'Arsonval galvanometer. B u t

platinoid has all t h e objections possessed by German silver,

with t h e additional disadvantage, in t h e case of coils of low

resistance, t h a t t h e specific resistance of platinoid is even h igher

t h a n t h a t of German silver, so t h a t t h e mere suspension in t ro -

duces a resistance of 10 ohms into t h e galvanometer when a

platinoid wire is employed.

B u t whatever mater ia l be used for the suspension, the follow-

ing considerations will show t h e very grea t advantage of us ing

a th in flat str ip, and not a round wire, for t h e suspension. T h e

formulae from which t h e numbers are calculated are based on

those developed by Professor Pe r ry and myself in our paper

on " A New F o r m of Spr ing for Electr ic and other Measur ing
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" Instruments,"* and their accuracy has since been tested by Professor
7 J Ayrton.

hundreds of experiments made by Professor Perry's students on
the strength and stiffness of wires and strips of circular and
rectangular cross sections. The formulae are as follows:—

If Ks be the modulus of rigidity of the material used for the
suspension, which in one case consists of a circular wire of
diameter d, and in the other of a strip a broad and b thick,
where a is more than five times b, then the couple required to
give a twist of one radian per unit length will be

IT IV V
32

N a ¥

for the round wire, and

for the strip.
o

.And the greatest shear stress on the material when a twist of
one radian per unit length has been given to the suspension
will be

\ N d for the round wire, and
N b for the strip.

Now, if we take the case of two suspensions made of the same
material, one a circular wire of 0*01 inch in diameter, and the
other a strip 0*02802 inch broad and 0-002802 inch thick, the
cross section will in each case be 7-854 x 10~5 square inches, so
that they will have the same tensile strength and the same electric
resistance for the same length and at the same temperature.

But from what is given above it follows that the couple
required to give a twist of one radian per unit length will be

9-819 x 10-10 x iVfor the round wire, and
2-054 x 10-10 x lYfor the strip;

and the greatest shear stress, which in the case of the strip will
be at the middle of the longest side of the rectangular section,
will be, for a twist of one radian in unit length,

5 xlO"3 x if for the round wire, and
2-802 x 10-3 x iVfor the strip.

The surface of the suspension for one inch length will be
0*031416 square inch for the round wire, and
0*06164 square inch for the strip.

* Proc. Roy. Soc.. No. 230, 1884.
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•professor We may therefore conclude that for two d'Arsonval galvan-
Ayrton. J .
1 ' ometers in which equal lengths of * these suspensions are

employed respectively—
1. With coils of the same shape and volume the same

current-density will produce nearly five' times as large
a deflection on the instrument with the strip as on
the instrument with the round wire.

2. For the same deflection of the coil the greatest stress
in the material of the strip will be not much more
than half that in the material of the wire, therefore
the liability to zero error will be much less with the
strip.

3. The cooling surface per unit length of, the strip will be
nearly twice that of the wire^

4. The cross sections of the strip and wire have been taken
equal.

Therefore, in addition to the same current-density producing five
times as large a deflection when the coil is suspended with the
strip as when suspended with the wire, the zero error for equal
deflections will be much less with the strip. Lastly, for the same
rise of temperature in the suspension the strip can carry 41 per
cent, more current than the wire—a result c of considerable
importance when a relatively large current has to be sent through
the d'Arsonval galvanometer. •

Next, instead of considering a strip which has the same cross
section as the round wire 0*01 inch in diameter, let us consider
a strip of 0*002802 inch in thickness, and of such a breadth,
a, that the same couple will produce the same twist for the
same length of suspension : then

a x (0-002802)' = 9 . 8 H x W_K.
O

.-. a = 0*1339 inch ;
and, as before, the greatest shear stress in the material of the
strip will be, for one radian twist per unit length,'

2-802 x 10"3 x N.
But the cross section of the strip will be now 35*5 x 10"6 square
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inch, and the surface per inch length of the strip will be Professor
. Ayrton

O2734 square inch.
For the two d'Arsonval galvanometers in which equal lengths

of these suspensions are employed respectively we may therefore
conclude that—

1. With coils of the same shape and volume the same current-
density will produce equal deflections with the two
instruments.

2. The maximum stress in the strip will be only a little more
than half that in the wire for the same deflection.

3. The cross section • of the strip will be more than four
times as great as that of the wire.

4. The cooling surface per unit length will be nine times
as great with the strip as with the wire.

Hence, in addition to there being much less zero error with the
strip than with the wire, the resistance of the strip will be less
than one quarter of that of the wire for the same length ; hence
for the same rise of temperature the strip will carry more than
six times the current, for, in addition to having less than one
quarter the resistance, it has nine times as much cooling surface
as the round wire for the same length.

The scales that we fitted up at the Acme Works are seen in
Fig. 3, which represents a hexagonal roller, each face of the

FIG. 3

hexagon being part of a circle whose radius is equal to the
distance between the scale and the mirror of the instrument.
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The roller is inside a wooden box, indicated by dotted lines, and
only one face of the roller, and consequently only one scale, can
be seen at one time through a groove in the front of the box.
Attached to the end of the roller is a brass disc with six notches
in it, and the roller is turned until a spring catch engages in one
of these notches. The roller, therefore, is placed in one or other of
six different positions, exposing one or other of the six scales,
which are graduated respectively from 0 to 10 amperes, 0 to 50,
0 to 100 amperes, &c.

And, as already stated, the mere act of turning the roller
from one position to the other automatically causes the resistance
in series with the d'Arsonval galvanometer to be varied by a
device not shown in Fig. 3. Hence, in whichever one of the six
positions the roller be placed, the tester may be'quite sure that
the reading of the scale and the resistance in series with the
galvanometer are in aqcord.

We have already seen that if the coil in the d'Arsonval
galvanometer be suspended with a strip of phosphor-bronze,
there is not much chance of the sensibility of jthe instrument
changing. At the same time, if such a change did occur, it
would be extremely inconvenient when using these direct-reading
scales combined with the automatic variation of resistance which
accompanies the turning of the roller, seeing that the resistance
in series with the galvanometer for each of the six positions of
the roller would require readjustment. Hence we provide the
d'Arsonval galvanometer with a magnetic shunt, one form of
which is seen in Fig. 4, which illustrates a galvanometer made
for the Central Institution by Messrs. Nalder Brothers, the brass
cover having been removed to enable the interior to be seen.

Should the sensibility of the instrument be found to diminish
with time, the head, H, is slightly turned; this revolves a right-
and left-handed screw, causing the pieces of soft iron, P1? P2, to
slightly recede from one another, thus increasing the proportion
of the total number of lines of force produced by the permanent
magnet that pass through the coil.

This brass head H is kept detached from the instrument to
prevent any accidental turning of the screw and alteration of the



1891:] DISCUSSION. 551

sensibility of the galvanometer; but when desired the head can Professor
be inserted through a hole in the brass cover and used without
removing the~cover.

FIG. 4.—D'Arsonval Galvanometer with Magnetic Shunt.

BEST SHAPE FOR THE COIL OF A D'ARSONVAL GALVANOMETER.

I next come to the consideration of the shape that should be
given to the coil of a d'Arsonval galvanometer. In a paper read
by Mr. Mather before the' Physical Society in March; 1890,* he
showed that for a given time of oscillation of a coil, and for a

* •' On the Shape of Movable Coils in Electrical Measuring Instruments."
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professor given current-density in the coil, the best effect was obtained by
'y °"' winding the coil so that its cross section at right angles to the

axis of rotation consisted of two circles having a common tangent
at right angles to the axis of rotation. He further showed that
the ordinary method of winding the coil of a d'Arsonval galvan-
ometer, or of a Siemens dynamometer, necessitated for a given
current-density either that the periodic time was twice as great as
it need be, or that the deflection was only half as great as it might
be. He further proved that if the coil were wound shuttle fashion
the result obtained would be about three-quarters as good as if
the theoretically best section had been given to the coil.

As the shuttle-wound coil has a much smaller moment of inertia
than a coil of the ordinary shape containing the same volume of
wire, it is necessary, for the same periodic time of vibration to
be obtained, that the suspension that carries the shuttle-wound
coil should introduce a less control than that which supports the
ordinary shaped coil. But since, as I have pointed out, the
use of a wide thin strip enables the couple that is required to
produce one radian deflection per unit length to be made as
small as we like without diminishing the cross section—that is,
without diminishing the strength of the suspension to resist a
longitudinal force, or increasing its electric resistance—it follows
that the proper method of procedure is as follows :—

Having decided on the length and gauge of wire that is to
be used in winding the coil of the d'Arsonval galvanometer,
construct the coil of as nearly as possible the theoretically best
shape as illustrated in Mr. Mather's paper. Next select a strip
of phosphor-bronze of such a breadth and thickness as, will possess
sufficient longitudinal strength to carry the coil without risk of
breaking, and as will cause the coil to have the desired periodic
time of vibration : then in a given magnetic field, and for a given
current, a greater deflection will be obtained with this coil than
with any other wound with the same length and gauge of wire.

Fig. 5 shows a Pitkin galvanometer made with a coil of this
shape, and in which. there is, of course, no iron core. The
magnetic field' in the Pitkin d'Arsonval galvanometer is produced
by a number of thin horizontal circular magnets instead of by a
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few vertical ones, as in the Nalder pattern illustrated in Fig. 4 ;
and the strength of the field in the Pitkin form shown in Fig. 5,
in spite of the greater air space caused by the absence of a
stationary iron core, and the magnets being smaller and lighter, is
about 50 per cent, greater than in the Nalder lype.

professor
Ayrton.

TIG. 5—Harrow-Coil Coreless d'Arsonval Galvanometer.

The shuttle-shaped coil seen in Fig. 5 is wound with platinoid
wire, and has a resistance of 13*5 ohms; the top and bottom
suspensions together have a resistance of 3*5 ohms, making a
total of 17 ohms for the whole instrument.

The periodic time is 2-6 seconds, and one-tenth of a milliampere
VOL. XX. 37
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Professor produces a deflection of 142 scale divisions when the distance of
Ayrton

, the scale from the mirror is equal to 2,000 scale divisions. If, for
the purpose of comparing the sensibility of this instrument with
that of the numerous other galvanometers of the d'Arsonval and
other types contained in the table attached to the paper on
"Galvanometers" read by Mr. Mather, Dr. Sumpner, and myself
before the Physical Society, we imagine the periodic time of the
narrow-coil Pitkin d'Arsonval to be increased to 10 seconds, and
the coil wound with such a gauge of copper wire that its resistance

' for the same volume would be 1 ohm, we find that 1 micro-
ampere would produce a deflection of 28 divisions on the scale
in question.

This is larger than we have obtained with any other d'Arsonval
galvanometer of anything like the same size. For the next most
sensitive d'Arsonval galvanometer of about this size of which we
have particulars is one made by MM. Carpentier with a copper coil
of 208 ohms, with which l-l,040th of an ampere deflects the spot
of light over 4 feet and half an inch on a scale placed 4, feet 8
inches away from the mirror when the periodic time is 0*8 second.
Now, assuming that this Carpentier galvanometer were wound
with a copper coil of 1 ohm, that its periodic time were 10
seconds, and that the distance of the scale from the mirror were
made equal to 2,000 scale divisions, 1 micro-ampere would
produce a deflection of 26 scale divisions.

At first sight it would appear, then, that while the narrow-coil
Pitkin galvanometer was more sensitive than that made by MM.
Carpentier, the difference in sensibility was but slight; but it has
to be borne in mind, as Mr. Mather has pointed out to me, that
the moving coil of the Carpentier galvanometer has been con-
structed so as to be as light as possible, and no attempt has been
made to render this galvanometer dead-beat on open circuit,
whereas with the narrow-coil Pitkin form illustrated in Fig. 5 as
much as six-sevenths of the weight of the coiled bobbin is due to
the copper bobbin on which the coil has been wound, this bobbin
having been made of this relatively massive character in order to
obtain considerable magnetic friction and dead-beatness.

Hence, were this heavy copper bobbin replaced by a light
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framework, as in the d'Arsonval galvanometers made by MM. professor
Carpentier, the narrow-coil Pitkin form would be many times as
sensitive as the Carpentier pattern for the same periodic time and
resistance of the coil.

Apart from the special shape of the coil shown in Fig. 5, this
method of constructing a d'Arsonval galvanometer has the great
convenience that the coil, with its top and bottom supports, can
be at once bodily withdrawn, by sliding the framework F F out of
the tube that supports it in position.

Mr. Crompton has asked, me a question regarding the use of
electro-magnets in place of permanent magnets in a d'Arsonval
galvanometer. That point was referred to in our paper on
" Galvanometers," when considering this question of narrow coils,
for we said: " The sensitiveness could be further increased by
" employing electro-magnets instead of permanent ones .to pro-
" duce the deflecting field, the current flowing round the electro-
" magnet being kept constant by means of an auxiliary reflecting
" ' set-up ammeter,' producing. an image on the same scale as is
" used for the electro-magnetic d'Arsonval galvanometer. With
" a 'set-up ammeter' the suspended system is supported by means
" of an almost torsionless phosphor-bronze strip, requiring many
" twists to be given to it to bring the spot of light on to the

•" scale when the current that is to be kept constant is flowing
" through it. A motion, then, of the spot of light over 100
" divisions of the scale corresponds, perhaps, to a variation of
" only -2\j- in this current; and consequently, by means of such
" an instrument and, a suitable adjustable resistance, a current
" can be kept constant to a very small fraction per cent."

The coils of the two d'Arsonval galvanometers at Messrs.
Willans's works are each wound with copper wire, and have a
resistance of 429 and 435 ohms respectively, although one
of them need only measure a maximum P.D. of about 1 volt,
seeing that the maximum P.D. it is required to measure
is that produced between the terminals of a platinoid sheet
of about 1-1,000th of an ohm in resistance when conveying
the maximum current of 1,100 amperes. This, I venture to think,
is a distinct mistake, seeing that the employment of copper
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Professor in this galvanometer requires a correction to be applied in the
measurement of current for every variation of temperature of
the room, apart altogether from the correction necessitated with
the Thames Ditton apparatus for the change of resistance
of the platinoid sheet produced by the passage of a large
current through this sheet; whereas, if the coil of the galvan-
ometer were wound with platinoid wire, the necessity of making
a correction for variation in the temperature of the room would be
altogether avoided.

When calculating the change in sensibility produced in a
d'Arsonval galvanometer by altering the thickness, or the material,
of the wire with which the coil is wound, we must not forget
that the . suspension itself is frequently made of platinoid wire
by well-known instrument makers, and that under these circum-
stances the resistance of the suspension itself is 10 ohms. Assum-
ing this to be the resistance of the suspension in the galvan-
ometers at Thames Ditton, it is easy to show that if no alteration
whatever were made on the platinoid sheet used to convey the
main current, but if the 429-ohm copper coil of the d'Arsonval
galvanometer^ used to measure the P.D. at the terminals of this
sheet, were replaced by a 10-ohm platinoid coil of the same size
(and which would be, of course, cheaper to make), the deflection
for a given current passing through the sheet would be increased .
by 25 per cent., and the temperature coefficient reduced to l-18th
of its value for the copper coil.

It has been objected that such a galvanometer could not
be used to calibrate the 435-ohm copper-coil voltmeter
d'Arsonval galvanometer by the method described in the authors'
paper. Perhaps, if an accuracy of O'Oll per cent.—which is
what the authors profess to obtain in this particular calibration—•
were necessary, the 10-ohm platinoid-coil d'Arsonval galvanometer,
the use of which I recommend, would not do. But what is the
use of this high degree of accuracy in this particular calibration,
seeing that in the commencement of their paper the authors
give, among " the more important conditions imposed in
" designing the apparatus," that " (4) The errors to which the
" measurements are liable should not exceed one-fifth per cent. " ?
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Further, if the d'Arsonval galvanometer which the authors Professor
use as a voltmeter were calibrated by the exact method they
describe i/n their paper with a Clark's cell, and if the proposed
10-ohm platinoid-coil d'Arsonval galvanometer were used as
the auxiliary galvanometer in this calibration, it is easy to
show that, with exactly the same degree of accuracy of readimg
the scale of this instrument as that assumed by them, the former
instrument could be calibrated with an accuracy of O14 per cent.
—that is, with a much greater accuracy than the one-fifth per cent.

It has also been objected that if the resistance of the d'Arsonval
galvanometer which shunts the platinoid sheet were reduced
from 429 to 10 ohms, and if, further, the material used in winding
the coil were changed from copper to platinoid, the rate of pro-
duction of heat in the galvanometer coil would be much increased
for the same current passing through the sheet.

This is perfectly true; but calculation shows that, even with
this increased rate of production of heat in the 10-ohm platinoid
coil, the temperature of the coil would not be raised by 1° C. in
several hours even if the largest current, 1,100 amperes, were kept
flowing continuously through the sheet, and even if we assumed
that there was no loss of heat whatever from the coil either by
radiation, convection, or conduction. And similarly it can be
shown that even if the resistance coils put in series with the
d'Arsonval ammeter were wound with the ordinary thickness of
wire employed for such coils, the rise of temperature would be
insignificant, even if the 1,100 amperes were kept flowing for
many hours. Hence it follows that this objection to the use of a
low-resistance platinoid-coil d'Arsonval galvanometer has no more
weight than the previous one.

And if, while replacing the 429-ohm copper coil with the
10-ohm platinoid one, the suspension of platinoid wire be also
replaced by one made of our thin phosphor-bronze strip of such
dimensions that, while it offers the same mechanical resistance
to being twisted, it offers a much less resistance to the current,
the sensibility of the 10-ohm platinoid d'Arsonval galvanometer
will be much greater than that which I have just given.

Next, in the actual use of their instruments do Captain Sankev



558 STANDAED VOLT- AND AMPEEE-METEB. [Nov. 26th,

Professor and Mr. Andersen really obtain the accuracy of one-fifth per cent,
which they take as the basis in the fitting up of the apparatus
which forms the subject of their paper ?

When a constant between O05 and 1 volt per division with the
voltmeter is desired, they employ " 1 potentiometer rheostat" of
250 ohms resistance. The P.D. to be measured is maintained
between the terminals of this 250 ohms while the d'Arsonval
galvanometer, plus a resistance, is used as a shunt to 1-100th
of the rheostat that is used to shunt the 2'5 ohms. In Table II.
of the authors' paper it is stated that when, with these connec-
tions, the resistances of 60 and 9,469 are respectively added to
that of the galvanometer, the constants are 0-05 and 1 volt per
division; or, since the resistance of the d'Arsonval galvanometer
employed is given as 435 ohms, this is equivalent to saying that
when 2*5 ohms. of the potentiometer are shunted with 495 and
9,904 ohms respectively, one division deflection means a P.D. at
the terminals of the potentiometer of 0*05 and 1 volt respectively.

But this is obviously incorrect in the light of an accuracy of
l-5th per cent, being sought after. For, if the sensibility of the
galvanometer be such that 1 volt gives a deflection of one division
when there is a resistance of 9,469 ohms in series with the
galvanometer, the P.D. that will produce a deflection of one
division when 60 ohms is in series must be

2-5 x 495

2,000 2-5 x 495
2-5 + 495

or 0*0502, and not 0*05 volt. So that this neglect of the
diminution of the resistance produced by using the galvanometer
as a shunt makes an error of 0*4 per cent., apart from all errors
due to temperature, errors of graduation of the scale, difficulties
of reading, &c.

Again, it is said in the paper that " unit deflection on the volt
" scale is produced by a current through the galvanometer of
" 1 micro-ampere;" hence it follows that when 60 ohms is in
series with their d'Arsonval voltmeter of resistance 435 ohms the
constant will be 0*000495. But in Table II. we are told that the
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constant is 0*0005, which differs from the true constant by 1 per Professor
' Ay I ton.

cent.
The authors further state that " for ordinary work the readings

" on the scale are amply accurate, as they can be depended upon to
" be within 0*5 per cent, of error ; " but this degree of accuracy
they are only able to obtain by graduating the scale by hand.
We, on the contrary, find that, if the coil of a d'Arsonval gal-
vanometer be properly suspended, and properly shaped curved
pole-pieces be employed, the readings on the scale can be trusted
to 0*2 per cent.; and when, in addition, we use the calibration
curve with our galvanometers, the current can be read to an
accuracy of 0*1 per cent. .

METHOD OF CALIBRATING A D'ARSONVAL GALVANOMETER ARRANGED

FOR MEASURING LARGE CURRENTS.

The method employed by the authors for calibrating their
current-measuring arrangement consists, first, in determining the
current in amperes that will produce a given deflection of the
D'Arsonval galvanometer; 'secondly, in measuring the resistance
of the platinoid sheet which is to convey the main current.

To enable the resistance to be easily measured, this sheet is
made of five strips, which, by a suitable arrangement of mercury
cups, can either be joined up all in series when the resistance is
measured, or all in parallel when the main current passes
through them. And it is assumed that the resistance of the five
strips in parallel is 1-2 5th of the resistance when they are in
series.

But in view of the well-known variation of the resistance of
mercury cups with the cleanness of the mercury, and the time that
has elapsed since the copper bridge-pieces were last amalgamated,
it seems to me a rash assumption to make that the resistance of,
the five strips in parallel is exactly l-25th of the resistance in
series, especially when the whole accuracy of the subsequent
measurement of the current depends on knowing the exact
resistance of the platinoid sheet when the current to be measured
is passing through it. In fact, this resistance is a vital factor in
the current measurement.
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Professor Eecently, th ree of my students—Messrs. Drysdale, Poore, and

Powell—have been investigating this mat ter , and they find t h a t

a resistance embracing a copper bridge-piece dipping into two

mercury cups which have not been made in any way specially

dir ty, can be reduced from 0*002660 ohm to 0-000581 ohm

simply by replacing the mercury t h a t had been s tanding some

t ime with fresh mercury, and by reamalgamating the ends of the

copper bridge-piece.

Indeed, i t is on this account t ha t in the use of standard met re

bridges all t he mercury cups are refilled and all t he copper

bridge-pieces reamalgamated every day in some factories—a

precaution I remember Dr. A. Muirhead always took when I

was working with him in t h e works of Messrs. Lat imer Clark &

Muirhead some years ago.

Captain Sankey has to-night told us t ha t actual tests made

since the last mee t ing of this Society on the resistance of the

platinoid strips a t Thames Dit ton have shown t h a t t he resistance

of the strips in parallel is really l -25 th of thei r resistance when

in series. B u t if t he only way of ascertaining this fact is by an

actual measurement of thei r resistance in parallel, why p u t t he

strips in series a t all to measure their resistance, and why use

any mercury cups and copper bridge-pieces ?

Indeed, I would go still further, and say t ha t t he best way of

measuring a small resistance for a big current passing through i t

is to send a large known current through t h e resistance and

measure t h e P .D. a t its terminals. Bu t if this method be

followed there is no occasion to measure the resistance of- the

platinoid sheet a t all, since all we want to know is what current

is passing through the strip when any particular deflection is

produced on t h e d'Arsonval galvanometer connected with its

terminals.

I therefore prefer t h e following method of .using and cali-

brat ing a d'Arsonval galvanometer used as an ammeter :—Solder

• a wire to each end of t h e sheet, as seen in F ig . 1 ; insert some

convenient resistance in t h e galvanometer circuit, the ends of

which are at tached to t h e two wires soldered to the ends of the

shee t ; t hen observe the deflection of the galvanometer when a
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known large current is sent through the sheet. Use no mercury Professor
Ayrton.

cups, bridge-pieces, screws, nor anything of a variable character
in the platinoid sheet; and, further, it may be well to spread out
the wires conveying the main current and solder them to different
parts of the edge of the sheet, as seen in Fig. 1, so as to cause
the lines of flow of the current in the sheet to be as nearly as
possible the same for all currents.

To measure this current we employ a Thomson balance, and
this, I venture to think, would be quite an accurate enough
standard for any commercial purpose. Captain Sankey and Mr.
Andersen may say the buyer of a dynamo at Thames Ditton
would not be content to take for granted the accuracy of the
graduations of a Thomson balance; but as it is he takes for
granted the accuracy of the Clark's cell, the accuracy of the
resistance coils, and—what is more surprising still—the buyer takes
it for granted that he knows a resistance which is only about the
one-thousandth of an ohm to something like the one-five-hundred-
thousandth of an ohm, since that is what is necessary if " the errors
" to which the measurements are liable should not exceed one-
" fifth per cent." And apparently the buyer has had such a
belief in the goodness of ,the steam engines manufactured by
Messrs. Willans & Eobinson that, on seeing the resistance of five
strips of platinoid measured when in series, he has assumed, in
spite of the mercury cups, that he could predict the exact
resistance of these strips when put in parallel to one-five-hundred-
thousandth of an ohm.

Surely it would not require much more faith to believe in the
accuracy of a Thomson balance !

We at the Central Institution go a step further, and
periodically calibrate our balance by the copper-deposit method,
and I am happy to say that we are beginning to get successive
determinations of the constant thus obtained to agree to 0*06
per cent. But this copper-deposit check would be quite un-
necessary at a works like Thames Ditton.

As it appeared to me that not merely was the resistance of
the galvanometer used at Thames Ditton much too high, but
also the size of the platinoid sheet much too large, I asked Mr.



562 STANDARD VOLT- AND AMPERE-METEK. [Nov. 26th,

Professor Mather to consider ab initio the proper arrangements to employ
if it be desired to measure currents up to ,1,100 amperes with
an accuracy of one-fifth per cent, by means of a d'Arsonval
galvanometer shunting a platinoid sheet. And in giving you
the result of Mr. Mather's calculations, I desire to take this
opportunity of expressing my indebtedness, to him for the
extremely painstaking and highly suggestive manner in which
for some years past he has grappled with every problem I have
suggested to him.

The first point to settle is the lowest as well as the highest
current that has to be measured to one-fifth per cent. According
to No. 5 of the " more important conditions " in Captain Sarikey
and Mr. Andersen's paper—"(5) The range-such as to allow of
" measurements being made of current from l-40th of an ampere
" to 1,100 amperes." A little consideration, however, will show
that the authors have not with the apparatus they have arranged
fulfilled the conditions they started by imposing on themselves.
For if we assume that the scale they employ is 500 mm. long,
and that readings can be taken accurately to one-fifth of a
millimetre, then.it is possible to measure a current of 5 amperes
to one-fifth per cent. But to carry out the condition stated in
the commencement of the authors' paper of measuring a current
of l-40th of an ampere to one-fifth per cent, would necessitate,
with the apparatus they employ, that the deflection should be
read accurately to the one-thousandth of. a millimetre.

In deciding, therefore, as to the best form to give our apparatus,
we will take the range actually obtained with the Thames Ditton

, apparatus—viz., to measure from 5 amperes to 1,100 amperes to
one-fifth per cent.—and not the imaginary range of l-40th to
1,100 amperes with an accuracy of one-fifth per cent., as stated in
the authors' paper.

Under these circumstances, Mr. Mather concludes that two
square sheets of platinoid should be used—one of 5 inches by
5 inches, to be employed in measuring currents from 5 to 110
amperes, and one of 15 inches by 15 inches, to be employed in
measuring currents from 50 to 1,100 amperes—the two ranges well
lapping over one another for convenience of comparison; and,
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further, he recommends that the 429-ohm copper coil should Professor
Ayrton.

be replaced by a 10-ohm platinoid coil.
The following table shows the particulars of the plan at present

employed at Thames Ditton, and the one we should propose for a
similar purpose. The advantages to be gained by the change
are—

1. No temperature coefficients whatever would require to be
used, either for changes of temperature of the room
or for the heating of the platinoid sheet even by the
passage of the largest current—1,100 amperes;
whereas with the present arrangement two indepen-
dent corrections are necessary—one for the temperature
of the room, and one for each current passing through
the sheet.

2. The maximum resistance to be inserted in series with the
galvanometer when the largest current—1,100 amperes
—was being measured would be reduced from 17,700
to 60 ohms.

3. The length of the platinoid sheet would be reduced from
6 feet to 15 inches, and the breadth from 38 inches
to 15 inches.

4. The total watts expended on the platinoid sheet when the
maximum current was being measured would be re-
duced from 1,300 to 40 watts.

This last change (No. 4) would be of little importance in the
testing of dynamos where all the power given off is converted into
heat, but would be of the highest importance when it is desired to
measure the current without wasting power, as, for example,
when testing the power and efficiency of a coupled dynamo and
motor, &c.
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Professor
Ayrton.

Mr.
Crompton.

Details of Existing and Suggested Arrangements for Testing Current
at Thames Ditton.
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Mr. R. E. CROMPTON : I regret that the object of this paper
appears to have been misunderstood and somewhat undervalued.
I think we English electrical engineers who have established a
particular type of electrical generating machinery for central
stations are vitally interested in the accuracy of the electrical
measurements carried out at Messrs. Willans's works. It is well
known that most of the large English central stations are worked
by high-speed steam dynamos, the driving power in most cases
being Willans's engines. So many makers of high-class dynamos
have sent their engines to Messrs. Willans's works to be fitted to his
engines, that his works have become a common ground on which
dynamo makers meet, and can judge there of the comparative merit
of their dynamos from the very impartial and accurate tests that
Messrs. Willans have now been carrying on for some years. I
consider that Mr. Willans's famous paper read before the Civil
Engineers established the fact that his methods of measuring the.
indicated horse-power and steam and water consumption were
the most perfect and accurate that had ever been adopted; and
I think it is of great importance that we electrical engineers
should ourselves be satisfied that the electrical portion of the tests,
on which the efficiency of our machines depends, should be
absolutely above suspicion. From check tests that I have made
myself, and from the check tests that I have heard have been
made by many eminent firms of dynamo manufacturers, I think
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it is beyond dispute that Messrs. Willans have obtained a suffi- ̂ y-
cient" degree of accuracy in their electric measurements; but
this paper of Captain Sankey's gives us full opportunity of

'satisfying, our selves on this point. . Further than this, I consider
a purely electrical paper of this class a most fitting one to
commence the year's discussions. The great bulk of our audience,
consisting, as it does, of young engineers who are carrying out
the practical electrical work of this country, are. every day using
apparatus of this class, and, consequently, are very capable of
discussing this paper in a thoroughly practical manner. They
know how important and valuable it is to the profession that the
various special appliances and dodges which go to make electrical
testing accurate and successful should be made public.

Turning to my own private criticism of the paper, I have had
considerable experience in making accurate electrical measure-
ments. Not only have I adopted for some- years past at our
works the potentiometer methods of measurements introduced
by Dr. Fleming, but I have myself worked out and perfected
various arrangements for calibrating instruments for public labora-
tories, or, other institutions where great accuracy is desired. In
this connection, I would point out that the Board of Trade
blue-book, giving the report of the Standardising Committee,
states that accuracies up to 1 part in 10,000 are easily obtainable
in the comparison of electrical resistances, and I know that there
is a common idea in the profession that accuracies far exceeding
this could be obtained in regular practice. I must say that I
find it very difficult, if not impossible, to repeat from day to day
measurements to the above degree of accuracy. I have purchased

.apparatus from the makers of the highest repute, and I find that
resistance boxes which agree in themselves, or in which the
ratios agree to the above degree, are extremely rare, and are
seldom met with. I must point out that the surface leakage
over the ebonite covers of resistance boxes, to which attention
has been called by Captain Sankey, plays a much more important
part than has hitherto been suspected to be the case. The
atmosphere of London, particularly at this time of the year, is
such that ebonite soon gets covered with a sticky conducting
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Mr. film, which can introduce errors when high resistances are being
Crompton. ' ° °

measured to the extent of fully 1 per cent.
Turning now to the special use of the d'Arsonval reflecting

galvanometer by Captain Sankey, I do not think it is so trust-
worthy as the zero or null method. I must confess that I should
feel greater confidence in measurements taken by the latter
method, as no disturbance or interference with the instruments
is likely to cause unsuspected errors. With the null method we
adopt it is very difficult for the apparatus to have been interfered
with in such a manner as to introduce errors into the measure-
ments without the experimenter being at once aware of it. So
long as the Clark cells used agree among themselves, and the
slide wire of the potentiometer is in fair order, it is almost
impossible to carry out measurements which will fail to be
accurate to the extent of a quarter of a per cent.

I am glad that attention has been called by Professor Ayrton
to the d'Arsonval galvanometer. I want to ask why those making
these instruments have confined themselves to the use of the
French form originally introduced into this country by Carpentier,
and, moreover, have always confined themselves to the use of
permanent magnets. In these days, when it is so easy to obtain
current to excite electro-magnets, I think that an electro-
magnetic galvanometer, which would provide a much more
powerful field than is possible with a permanent form of magnet,
would be in many ways preferable, especially as a very delicate
instrument to use with the null method.

^-r#
 SWINBURNE : The system of measurement brought before

us has, of course, been familiar to electrical engineers for several
years, but a full description of a set of carefully worked out
details is of great value. What has been arranged at Messrs.
Willans's works is really calibrating gear, and such dispositions
of apparatus are usually employed by instrument makers.

It may be objected that a commercial voltmeter or ampere-
meter is not accurate. Without admitting this, we may assume
it. All that is necessary is, then, to calibrate the instruments.
Messrs. Sankey and Andersen hold that a commercial voltmeter is
inaccurate, and then calibrate a reflecting galvanometer. I do
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not regard a reflecting galvanometer as an engineering instrument. Mr.
As an .electrician I like the arrangement, as it gives a large
range and fair accuracy; as an engineer I object to spot-
watching.

As to accuracy of commercial instruments, there are several
grades in the market. A cheap voltmeter may not be good
enough for very accurate work, but may still be very excellent
as a cheap voltmeter. A standard voltmeter is quite as accurate
as a newly calibrated reflecting galvanometer. A letter balance
is a very excellent piece of apparatus, but it is no reproach to
it that it is not good enough for chemical analysis.

The foundation of all the systems of testing is the standard"
cell. I would like to call attention to a few points with regard
to it. Some people will tell you that the Clark cell is of no use
whatever, and that no two people can make them alike; others
will tell you that they may always be made with certainty
within one or two in a million. Now neither of these is the
case. You can very easily, if you have the same chemicals,
from the same place, containing the same impurities, put them
together and get cells that will agree. Suppose, instead of doing
that, you start with chemicals of known purity, and make them
according to the instructions commonly in vogue: you will get
two cells that will agree with each other within a very small '
percentage indeed. But it does not follow that they are right.
It so happens that as soon as you use saturated zinc sulphate
the temperature coefficient varies. It is therefore most im-
portant that the question of the variation of temperature
coefficient in cells should be remembered. It is quite possible
for measurements agreeing with standard cells which agree
among themselves, and with other standard cells, made by
other people, to be a half per cent, wrong.

There seems to be an impression arising that you cannot
use resistances in series with an instrument because they will
leak either at the surface or elsewhere. The ordinary double-
wound resistances are likely^ to be worst. To see how far leakage
could be avoided, I asked Mr. Bourne, our chief assistant, to
make up a double coil, leaving the end open, and see what
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tr: happened to i t . He , of course, used the best insulation he
winburne. *•r

could for the purpose. Three layers of small double silk-covered
wire were wound together. The insulation resistance between
them was over 600 megohms. Then he tested it for break-
down, and it ran up to 950 volts before giving way. With
the least care no error from leakage or from bad insulation
should occur in resistances. The series resistance ought to be-
absolutely trustworthy. I would like to ask those who have
used platinoid much as to the permanence of the alloy.
Platinoid is generally supposed to be a sort of Crerman silver,
containing tungsten, and a good many of the peculiar qualities
are supposed to be due to the presence of that element.
Some time ago I carefully analysed a number of samples, and
found no trace of tungsten. I believe it is German silver with
a very large percentage of nickel, and many people have found
that under certain circumstances it is apt to disintegrate. I
think it is most important to know when we can depend upon
platinoid, and when we cannot. Keferring to measuring very
low resistances, there is no difficulty in the matter. . Professor
Ayrton proposes to use a standard current: that is not nearly
so convenient as stepping down with standard resistances.
Standard currents cannot be reproduced with anything like the

, accuracy of standard resistances.
Mr. Crompton referred to the Board of Trade, saying we ought

all to measure within 1 in 10,000. I am not sure there is not
some confusion about that. In measuring electrically it does not
matter whether you consider difference of potential, or current, or
resistance. You are always measuring either difference of potential
or current, and comparisons can be made within one in a million.
What we want is a standard. There is no difficulty in comparing
two standard cells within one or two in a million. It is quite a
different matter to ascertain the electro-motive force of your cells.

I can only add that we ought to congratulate Capt. Sankey and
Mr. Andersen on this paper ; and I rather object to some expres-
sions of Professor Ayrton, when he said something or other would
be accurate enough for the workshop, but would not be accurate
enough for the Central Institution. Nearly all accurate measure-
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ments are made in the workshop, and not in the laboratory. The Mr.
most accurate measurements made commonly are the measure-
ments of weight, and they are carried out with the greatest accuracy
in commercial analysis ; the next most accurate are measurements
of lengths and dimensions, and those are made with the Whitworth
machines in trade workshops, not in laboratories.

Mr. EVERSHED : As we are discussing instruments which give Mr.
° ° Evershed.

an unusual degree of accuracy, at least for commercial work (as
close as one part 'in a thousand), it seems worth while to enter
into the nature of the errors that may be inherent in any
particular instruments. I am rather surprised that Capt. Sankey
and Mr. Andersen have said nothing on the subject of the
temperature' coefficients of their instruments, except in as far
as they referred in one place to the temperature coefficient of
platinoid wire which, I believe, they measured. Well, permanent
magnets have temperature coefficients; springs have temperature
coefficients; and so on; and all these small things ought to be
investigated before an instrument which appears to be so
excellent as the d'Arsonval galvanometer can really be recom-
mended for workshop practice. We ought to know all about the
instrument. I have been using for many years as a standard
instrument a kind of tangent galvanometer with a controlling
field due to a bar permanent magnet. Some ten years ago,
if anyone had >been asked if there was anything permanent in
this world, he would have said he did not know, but certainly
not permanent magnets; but we, most of us, now consider that
we can trust permanent magnets if left alone. At all events,
this particular'permanent magnet gives no trouble whatever; it
varied a little less than 1 per cent, during two years. It has,
however, varied somewhat more rapidly since its removal to
Messrs. Goolden's present works. With respect to the temperature
coefficient of the magnet, I determined that at one time roughly
by leaving the magnet in.its place on the instrument, surrounding
the whole thing with ice, and, keeping a constant current passing
through the instrument, noticed the increase in deflection due to
the decrease in the temperature of the magnet. The result showed
a coefficient of about *01 per cent, per degree centigrade, which

VOL. xx. 38
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Mr. for commercial purposes might probably be neglected. On the
other hand, the magnets used at Kew and Dublin for observations
of H and so on, have temperature coefficients of the order *03. per
cent.—that is to say, distinctly comparable with the coefficients
of platinoid. Some time ago I was horrified to find that
Professor Ewing, in the course of his elaborate researches, found
a temperature coefficient for hard steel something of the order
•3 per cent..! Thinking there must be some mistake—either
the steel was not of an ordinary quality, or there were some
special circumstances to make so large a temperature coefficient
.—I wrote to Professor Ewing, and- he agreed with me that the
result looked a little extraordinary, and as he was not at the
time actually engaged in determining the value- of the- coefficient,
there is very possibly some slip in his published results.

Mr. Vignoles determined the temperature coefficients of two
hard magnets made of Jowitt steel, the- result in both cases being
a coefficient of about "01 per cent. Probably this value is not far
from the truth for all thoroughly hard magnets, but it seems
desirable to investigate the matter a little further: Unfortu-
nately we manufacturers are chiefly engaged in trying' to- make
a living, and have no time formaking those elaborate experiments
carried out in technical colleges.

The only other point I should, like to draw attention
to is a new alloy which is being used in Germany in
place of platinoid,- and which, has a negative temperature co-
efficient. The resistance falls very slightly as- the- temperature
rises. As I believe I was the- first person in England to test
this alloy, I may mention some results I got. The alloy comes,
like most chemical ingenuities, from (Erermany. The first
specimen we got was large in diameter, and so short that we
could not really make an accurate experiment with it. We
measured its resistance cold and heated it by current, and then
found the resistance had fallen. I sent that piece of wire to be
drawn down and covered with silk, and when it came back again
we found its temperature coefficient had become positive, like all
other wires. I then found that the makers were aware of that
effect; they said, however, that they would: undertake to; draw
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it down to any size I liked without spoiling it. It required Mr.
J * & ^ Evershed.

drawing, in some special vapour. They sent me some specimens
drawn down to 2 mils diameter, and we find a negative
temperature coefficient for this wire of *01 per cent. This
coefficient can only be relied on between about 10° and 50° C,
as the alloy seems to change its properties permanently if heated
to about 160° C. I introduce this alloy to you because it may
be extremely useful for certain purposes; but it must never be
heated beyond 100° C, although with ordinary variations of 10
or 20 degrees it is perfectly reliable,, and seerns an admirable
metal for resistances or voltmeter coils, and so on.-

Professor PERKY : What alloy is it ?
Mr. EVERSHED : " Manganine " is the name, and I do not think

it- is known how it is made, although its composition has been
published. There is one species of d'Arsonval galvanometer which
does not hail from France,, nor is it an English copy of French
instruments. It is made in America. We always assume that
Americans cannot make instruments, and that may be true
generally; but there is certainly one American who can, and that
is Mr. Western-. His voltmeters are only d'Arsonval galvan-
ometers in which the "current is led in by two phosphor-bronze
hair springs, which act also as the controlling force. Instead of
the clumsy mirror and scale, alight aluminium index is fixed to
the; coil, and reads-on a' scale like an ordinary commercial instru-
ment. The instrument I tested could be read to a quarter-volt
quite easily over the whole, scale, ranging from 0 to 150 volts,, and
I think that is quite comparable with the. accuracy Captain
Sankey mentions for readings with mirror and scale with
d'Arsonval galvanometers in ordinary practice. Not only is the
scale of the Weston instrument accurate, but* the volts, too, are
accurate. Mr. .Weston calibrated this voltmeter in February '
last, and I.tested.it three weeks ago and found his volts agree
with ours to '05 per cent. I think it is due to Mr. Weston to
bring that to your notice.

Mr. A. P. TROTTER : We ought to bear in mind in discussing Mr.
this valuable paper that there are three, classes of measurement Tr0 tcr

to consider. The one which we hear most about is the laboratory
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MI-. class of measurements ; the one under discussion is the workshop
Trotter.

class; and between the two is the instrument maker's class of
measurements. I would remind the meeting that the first
name this Society bore was, the Society of Telegraph Engineers.
It bore that name in a day when resistance was measured in
miles of telegraph wire, and electro-motive force in Daniell cells-.
Then the title was changed to "The Society of Telegraph-
" Engineers and Electricians," and laboratory instruments' and
methods came into use. Now we are Electrical Engineers, and it
seems that the time is come when electrical engineering measure-
ment should have a proper place. Some years ago those studying
mechanical engineering found that the science of thermo-
dynamics had got so involved and complicated that many gave
it up in disgust. It was not until the historical paper of Mr.
Willans, which treated of workshop thermo-dynamics, and not
laboratory science, that some of us ventured to look again into
the theory of the steam engine. One rather hoped that Messrs.
Willans & Robinson would have shown us also how laboratory
measurements should be converted into electrical engineering
measurements. At a first glance, the system described appears
to be a laboratory method ; and it is a laboratory method without,
perhaps, the great accuracy which laboratory workers hope to
get. But Mr. Swinburne has already touched upon the point of
accuracy for different purposes, and although the laboratory
exactness is not desired here, yet the engineering exactness of
measurement is of a very high order; and, to follow Mr.
Swinburne's idea a little further, what higher accuracy is there in
linear measurement than what an engineer calls " a good fit"?
Whitworth's measuring machine certainly shows an absolute
measurement of one' or two millionths of an inch, and an engineer's

' " good fit" is of the same order, but it is relative, and not
necessarily absolute. When we want to produce a perfect inch
gauge, we know not one fitter in two hundred could do it, and he
would spend about a week upon it. To make a good fit may be
compared with a null method; to measure absolutely with a
Whitworth machine may be compared with the scale readings
advocated by the authors.
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But the d'Arsonval galvanometer—I have not much experience Mr.
in the use of it—does not seem to be exactly an instrument
which has come to stay for engineering purposes. The quartz
fibre has revolutionised the Thomson galvanometer, with which
we' are familiar, and " spot-watching " is a thing to which the
engineer may have to come, but one to which he will have to
bring himself to with considerable dislike. It is to be hoped
that, the time shortly will come when we can have a needle-
reading instrument—a so-called commercial instrument—to read
to one in a thousand. And why we want to go further than one
in a thousand for workshop purposes I fail at present to see.
Laboratory measurements should be entirely dissociated from
workshop measurements, both as regards the accuracy aimed at
and the methods employed.

Mr. WILLANS : All that can be said about the electrical part Mr

of the arrangement has probably been said ; but it may not, ' a"s

perhaps, be out of place, as I have nothing whatever to do with
the arrangement of the instruments, for me to say a few words
about the need for them. No other credit is due to me than
that I pointed out that something of the sort was much wanted,
in consequence of the discrepancy between commercial instruments.
I myself began with great faith in the ordinary electrical instru-
ments ; but, after taking readings sometimes with one and some-
times with another instrument, I began to lose it. Of course
we are not working for ourselves, but mainly for dynamo makers,
and I began to find, whatever faith we had in the instruments we
selected, other dynamo makers had not confidence in them. They-
had great confidence in their own instruments, as a rule, but not
much in others provided for them; at any rate, this was> very fre-
quently the case. We ourselves always had worked with Siemens
instruments, and our results altogether need practically no cor-
rection, as shown by the agreement between our earlier results
and those since we adopted standard instruments. The only
difficulty with the Siemens dynamometers is the adjustment of
the zero. The adjustment of the zero is a troublesome thing in
the workshop, especially in the large-current dynamometers.
We have to measure the current when it is not a fixed quantity
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Mr. 'as in the case, for instance, of 300 H.P. absorbed by iron
Willans. .

wire resistance on a windy day. We do not deal with a
uniform current in our ordinary tests, but we are measuring one
which is varying to some extent from one minute to the next.
A balance which takes time to adjust, such as a sensitive dynamo-
meter, or a potentiometer on Mr. Crompton's principle, is very
much like a large platform weighing machine. If we place a
horse and cart on a machine of this description, and keep it
standing there, we.can ascertain its weight with great exactness;
but in measuring the amperes we are measuring in many cases a
quantity which is varying all the time : it is as though we tried
to weigh the carts and horses as they passed over the, weighing
machine. For this purpose a delicate balance is the worst instru-
ment possible.

We want" an instrument which will enable us to get at a
glance the weight at any moment, and then we can average it.
We can get any number of people who can say they have gone
through the balancing process with the potentiometer. The
younger a man is the quicker he gets through that sort of
msasurement, and the more places of decimals he can balance to ;
but I have not great confidence in these measurements unless
made by experienced men. Moreover, two people cannot use
the balance at the same time. When you have the spot of light,
to which objection has been taken, at least it is a spot which two
people can see, and two people can make a note of its
position. For instance, we can see it, and our customer can
see it—that is, so far as the position of the light goes : it may
be that it is not in the right place, but still it is somewhere.
Having ascertained that that spot of light is, on the average, in
a certain position .for half an hour, the method Captain
Sankey has suggested, as it seems to me, is to provide a
ready method of ascertaining what that average position
really means — a method which can be applied in a few
moments. Mr. Crompton takes a running shot at it, so to speak,
with the Clark's cell, and Professor Ayrton trusts to the scale
deflection meaning always the same thing. Captain Sankey, it
seems to me, combines the advantages of both methods. He gets
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the average reading more correctly than Mr. Crompton with vari- Mr.
able currents, and he gets the absolute check more perfectly and
promptly than .Professor Ayrton. The effect generally of intro-
ducing the absolute method of measurements has not been great
on our efficiencies, hut our highest efficiencies have gone down
about 1 per cent. The reason for this may not be apparent to
everybody, but it is a simple one. Suppose the real results to be.
indicated by points on a horizontal line, and suppose in
successive tests the apparent results are, on account of errors
in instruments, some 1 per cent, above the line, and some 1 per
cent, below—no one talks of the ones which are below the line;
they .only talk about the maximum efficiency, which is generally
with .uncertain instruments above the real one — and the
awkward thing for .us is that everyone who has once got one
of the high results wants it again, and will not be satisfied unless
he always gets an abnormal efficiency; so that it has been a relief
to me 'to get some means which will 'ensure a correct result. Of
course Captain Sankey himself will explain why the d'Arsonval
galvanometer was used-1; -the great difficulty in the workshop is
that we have magnetic fields all over the place: the great
majority of instruments will not read right at all under such
conditions; you cania'ot depend upon them. Many instruments
that are quite right out' of the way of iron and currents are easily
upset to the extent of 5 per oent. or more, as in the workshop, by
stray fields and by currents passing.

In conclusion, I cannot 'say too much in praise of the very
careful methods employed by Mr. Andersen in arranging the
apparatus designed by Captain Sankey. I have watched him
with great interest, and have seen that he has taken nothing for
granted, but checked again ;and again every little point; and the
result is, 'at any rate, ;an apparatus which gives consistent results,
and, :as has been shown by comparison with other standard
instruments, correct ones also.

Captain SANKEY : At this late hour my remarks must be very captain
short. The principal criticisms come from Professor Ayrton, and m e>

the main difference between his method and ours is simply this—'
that for accurate measurements he depends upon the scale of
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the galvanometer, and we do not. We only use the scale for
ordinary measurements. For accurate measurements, such
as are required for efficiency tests, we obtain the mean
deflection by taking readings at frequent intervals—" spot
" watching," as Mr. Swinburne calls it—and afterwards this
mean deflection is calibrated. In this manner several sources
of error are cut out, and, amongst minor ones, changes in
the length of the . scale; and it would be interesting to
know from Professor Ayrton what is the percentage of error
due to variations in the material of the hexagonal roller on
which his scales are mounted. It also cuts out any error due
to secular changes and to irregularities in the law of deflection
of the galvanometer, so that we are not dependent for accuracy
on the scale of the galvanometer. Although not necessary for
us at Thames Ditton, we are much obliged to Professor Ayrton
for having described the arrangements which enable him to
obtain a straight line for the law of deflection, and apparently to
eliminate secular changes. Another important point of difference
between the two methods is the manner in which the resistance
through which the current passes (resistance B in our case) is
measured. Professor Ayrton depends upon the copper-deposition
method, and instead of that we have adopted the method of
using the standardising resistance, A, as a step to the measure-
ment of resistance B, as described at page 530. Of course the
copper-deposition method is looked upon by some people as
being the more accurate way, -but for several reasons I do not
think it is. However that may be, I feel perfectly sure it is
not a method suitable for the engineer's workshop, and for
these reasons this method was rejected when the apparatus was
being designed. Professor Ayrton corrects me, and says he did
not recommend the copper method for use in the workshop; if
so, we would have to depend on someone else for our calibration,
and our condition No. 1 would not be fulfilled. Some means of
calibration are evidently necessary, if only on account of the
doubt respecting platinoid as to whether its resistance does not
change with time. Nobody knows much about it yet at any
rate. We have therefore adopted a method which enables us
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at any moment, by simply altering a few connections, to calibrate captain
by comparison with the standard ohm and the standard cell.
Our standard ohm can be, and has been, compared at Cambridge,
and later on at the Board of Trade, when they are ready; and
similarly with the standard cell.. Professor Ayrton asked why we
did not employ a low-resistance galvanometer wound with
platinoid for measuring currents. Resistance B was so designed
as to make it unnecessary to have a galvanometer of low resist-
ance, and it was therefore possible to have both galvanometers
(for current and for volts) the same, which has several practical
advantages. If the galvanometer were wound with platinoid it
would be far less sensitive; but I will leave further remarks
on that subject to Mr. Andersen.

Mr. Evershed is surprised we made no mention of certain
temperature corrections due to the galvanometers; but I think it
will be seen that by the method we have adopted for accurate
measurements we cut out all those kinds of errors—this was, in
fact, one of the reasons for adopting the method. These
temperature errors are, of course, insignificant for ordinary
workshop readings. He also asked where the potential wires
were connected in resistance A. This resistance is not
used for measuring large currents. But as regards resistance B,
where the question is of importance, the conducting leads and
potential wires were very carefully arranged so as to get a cross
section where there is uniform density of flow.

Mr. F. V. ANDERSEN : The principle of the measurements Mr.
described in the paper is this—that when the values of the mean
readings of amperes and volts obtained during a trial is required
to be as accurately known as possible, then this value is ascertained
at the end of the trial by specially calibrating the reading ; and
this is the best way of getting really great accuracy, because you
thereby carry the measurements back to the standard ohm and the
standard cell. As regards the standard ohm, no electrician has
much doubt that that comes within the Board of Trade require-
ments in regard to accuracy. As regards the reliability of the
standard cell, I think Mr. Swinburne has more apprehension than
is necessary. Mr. Swinburne admits that you can get cells to
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Mr. compare well with each other; but he thinks that there is
Andersen.

considerable difficulty in hitting the normal value—the value de-
termined by Lord Eayleigh. Now I would mention that, from

• experience with those cells for a considerable number of years, I
know that you will succeed in reproducing the original value when
you have found the proper way of making the cells. Dr.
Muirhead, for instance, and Mr. Herbert Taylor possess cells many
years old, which agree not only between themselves, but also with
the cells made now. If the profession would procure their cells,
at least for some time, from experienced makers, I have no doubt
that the same confidence would be felt in regard to the standard
cell which exists in regard to the standard ohm. I have found,
by calibrating galvanometers at different times and at very different
temperatures, that the temperature coefficient of the cell is pretty
reliable. It is well known that that coefficient is not exactly
constant from very low temperatures up to high ones, but for
ordinary temperatures the use of the coefficient leads to only
very small, errors.

The next question is about the use of the spot of light in the
workshop. I may say I was rather surprised to hear from three or
four important sides that the spot is not likely to gain favour with
engineers. I am glad that the 'spot has given satisfaction in at
least.one place where it has been tried by engineers. My own
impression about this method of reading is, that it is simply
charming. No oil lamps are wanted now; you turn on the electric
light, and if you fix the instrument in its place after you have
calibrated it, I certainly cannot see why the spot of light should
be objected to, being far superior in the facility with which you
read it to any pointers.

I should like to make a few remarks on the design of the
d'Arsonval galvanometer. I agree with Mr. Crompton that
improvements are badly wanted in this important instrument, and
I have been very gla& to see some of Professor Ayrton's refine-
ments in the construction of this instrument. Professor Ayrton
has explained a number of improvements which I think are very
good. In one point, however, I do not agree with Professor Ayrton
—that is, in regard to the winding. In a system like the one
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before you, rightly called a calibrating system, it is rather impor- sir.
." . _ Andersen]

tant on many occasions to have a sensitive galvanometer. But
I do not see how it is possible to get the present d'Arsonval
galvanometer sensitive enough if you wind it with platinoid
wire. Whatever sensitiveness you can get with the platinoid
wire will be exceeded no less than 25 times by winding with
copper wire, because the torque obtained in a given magnetic
field, is inversely proportional to the specific resistance of the
wire with which the instrument is wound. As shown, the
present system depends on accurate balancing of resistance
and electro-motive force. One would require a Thomson gal-
vanometer for these purposes, if the d'Arsonval galvanometers
were wound with platinoid wire. If for no other reason, it may
prove in the future that copper-wire winding will be adhered to.
There can be no doubt that Professor Ayrton's design with soft
iron pole-pieces is good, and also the suspension with a flat
strip of metal from the top, and a spiral at the bottom—which
avoids putting a strain on the coil, and leaves it free to take
its position by gravity—the latter- especially—is an important
improvement. I myself used it several years ago, and found
it very practical. The flat-strip suspension I adopted in am-
meters • and voltmeters in 1883. As regards the magnetic
shunt, it is a very beautiful thing, but I doubt if it is useful
for engineers.

Then as to the six scales. ' It is a very ingenious arrangement.
You turn the drum and get another scale, changing at the same
time the resistance. I do not, however, think it necessary to
go to that refinement. We find that people can be trusted
to adjust the resistance in the ordinary way. Nor is more than
one scale required. When this scale is suitably calibrated, it
can only be five extra sets of figures you want, and not five
more divided scales. It was mentioned that the platinoid-wire
winding would cut out the temperature corrections altogether.
It will not quite do that, because there is one temperature
correction which it is difficult to get rid of—that is, the cor-
rection for the rise in temperature in the platinoid rheostat
carrying the main current.
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professor Professor AYRTON : T h a t is allowed for. These pieces are
Ayrton. • r

calculated so that there is no correction wanted.
j\h-, Mr. ANDERSEN: We have found that with strong currents
./Xticici "sen* ' ^

this rise of temperature is considerable, even with a low current-
density, so that a correction is necessary,

captain Captain SANKEY : Allow me to add that the apparatus quite
Sankey. . x J. J. J.

admits of being calibrated by the copper-deposition method, and
I shall be very glad if Professor Ayrton will come down to Thames
Ditton and calibrate it by that method.

captain Captain SANKEY and Mr. ANDERSEN [communicated]: Having
Sankey

and Mr. naci the opportunity of seeing the remarks of the various speakers
in print, we have been able to go into the matter more fully, and
desire to make the following further "remarks; but in the first
place we must thank Prof. Ayrton for the care and trouble he has
taken in criticising the paper, and as regards his remarks respect-
ing d'Arsonval galvanometers, the various points he mentions
will be fully taken into account in the new galvanometers it is

proposed to obtain, as mentioned in the paper at page 530. Prof.
Ayrton's method, and the one he wishes us to adopt, is to read
the amperes or the volts direct from the scales of the d'Arsonval
galvanometers. Now, apart from the method of calibration—which
is, of course, a distinct question—this is precisely the method we
use for what we have called " ordinary " measurements as distinct
from "accurate" measurements, such as are required,for instance,
for efficiency tests ; but we do not rely on the scale readings giving
results nearer than 0*3 per cent, on the average, or even 0*5 per
cent, in extreme cases, because of possible fluctuations in the
sensibility of the galvanometers, and of various errors due to
temperature (such as mentioned by Mr. Evershed), and we fail
to see sufficient provision in Prof. Ayrton's arrangements for
dealing with such 'errors. It therefore appears to us that his
method only compares, on the ' point of accuracy, with our
scale readings for " ordinarj" measurements." Of course, if he
can read the scale to within 0*1 per cent., so can we; but
it does not follow that the reading either of amperes or of
volts is within 0*1 per cent, of the true value. It is to be
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observed in this connection that when purely electrical measure- Captain
•"• J Sankey

inents are required it is not so essential to obtain absolute values ; Andersen
but when making efficiency tests, in which electrical output has
to be compared with indicated power, or with a weighed quantity
of water, the degree of accuracy of the electrical readings must be
referred to absolute standards, and we doubt whether Prof. Ayrton's
readings are within 0*1 per cent, of the absolute values.

For efficiency test measurements we therefore prefer the
calibration method described in the paper (formulae 2 and 4),
which, it will be observed, cuts out all questions of change of
sensibility of the galvanometer, due either to time, to tem-
perature, &c.

Prof. Ayrton says that " if the coil in the d'Arsonval galvan-
" orneter be suspended with a strip of phosphor-bronze, there is
" not much chance of the sensibility of the instrument changing "
(page 550). This opinion appears to be based on the two measure-
ments obtained with the " ammeter. d'Arsonval galvanometer"
on October 2nd, 1889, and January 30th, 1891 (page 545). These
two results are, in the first place, tainted with any error in the
measurement of the 120 amperes passing through the platinoid
heet; secondly, with any change in the resistance of the platinoids
sheet; and thirdly, what evidence is there that the apparent
constancy of the sensibility is not due to a fortuitous coincidence
of the changes in the magnets and in the phosphor-bronze
suspension ? At any rate, until far more indisputable evidence is
forthcoming that a d'Arsonval galvanometer can be so constructed
that its sensibility will remain absolutely unchanged over con-
siderable periods of time, it is surely wiser (for " accurate " mea-
surements) to adopt a method independent of the sensibility.
Prof. Ayrton, however, does not himself rely on the sensibility
remaining unchanged, and therefore provides a magnetic shunt,
which of necessity requires some means of determining the
sensibility of the galvanometer at any time after the apparatus
has been established in the workshop.' He does not say how he
proposes to do this, but presumably he would use a Thomson
balance, judging from his remarks at page 561. We would,
however, prefer to do it by the method described in the paper at
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Captain. page 526. because it is easier to make the measurements, and the
Sankey r 6 . '
and Mr.i comparison can be made direct with the standard cell. It is also
Andersen.. L

to be observed, with all due deference, that the use of a Thomson
balance does not fulfil our condition No. 1, and would add
considerably to the cost of the apparatus.

The use of standard Thomson instruments by themselves is no
doubt an excellent method, but their combination with" the
method advocated by Professor Ayrton—which method can be so
readily transformed into a standardising arrangement similar to
the one at Thames Ditton—does not really appear rational. As a
somewhat important point, what guarantee is there that the
magnetic shunt has not been interfered with without the tester's
knowledge ?

Professor Ayrton has pointed out that in the case of the con-
stant 0*05 in Table II., the use of the potentiometer rheostat leads
to- an error in the scale reading of 0*4 per cent. It is to be observed
that this error occurs, however, only when measuring potential
differences of from 1*7 to 8 volts (not in the neighbourhood of 0*05
volt as stated by Professor Ayrton), and is the greatest error
occurring from this cause. The next greatest is 0*25 per cent, with
constant 0*1, but for the really important readings in the range
from 20 to 700 volts the maximum error from this cause is
0*04 per cent. Moreover, these errors only apply to the " ordi-
" nary " measurements, which are not considered to be nearer than
from 0*3 per cent, to 0*5 per cent., as stated in the paper.

Originally the magnitude of this source of error was calculated
for the range 20 to 700 volts, and when it was found to be only
0*04 per cent, it was unfortunately hastily assumed that the error
would be likewise insignificant for other ranges, and we are therefore
much obliged to Professor Ayrton for having called our attention
to the matter, and we now find that a simple correction to the
resistances used in series with the- galvanometer (Table II.)' cuts
out this class of error from the direct scale readings. If- the re-
sistance used in series with the voltmeter galvanometer when the

potentiometer rheostat is used is taken as ~ • K — (Or + ra\

instead of -, • K — Gr as in equation 3, then the error in question
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is practically eliminated. As will be seen, the effect of intro- captain
ducing this correction in Table II. is to diminish Hv in that and Mr.
part of the table referring to measurements made with the
potentiometer rheostat by an amount = ra, or 2-5 ohms. The
table in use at Thames Ditton has; been thus altered.

As regards the supposed error of 1 per cent, in connection
with constant 0*0005, Professor Ayrton has omitted to observe the
effect of the note at the bottom of Table II., which exactly
accounts for the source of error he thinks he has discovered. •

The criticism has, however, no bearing whatever on the ques-
tion whether or not an accuracy of one-fifth per cent, is obtained
with the apparatus, because this source of error does not occur
at- all when using equation 4 for " accurate" measurements;

T

in this case the ratio — is found by actual measurement with the
'a

Wheatstone bridge, arid in measuring ra the galvanometer
circuit is left closed across the small section of the rheostat.

We now come to the question of calibration. As regards
volts, it is evident that practically it must at present be based
on the standard cell. As regards amperes,, however, the com-
parison can be made either by the voltameter method, or by
measuring the fall of potential (compared with the standard cell)
across a resistance measured" by comparison with the standard
ohm. We prefer the second method, but Professor Ayrton prefers
the first. He doubts our method because of the difficulty of
measuring very small resistances with sufficient accuracy. Of
course it is difficult (Mr. Swinburne notwithstanding—see p. 568),
but it can be done; and as the probable error of resistance B,
as obtained from the results of the periodical calibrations of
this resistance, is 0'05 per cent., there does not appear to be any
room for doubt but that we have succeeded in doing so at
Thames Ditton.

Professor Ayrton says : " The best way of measuring a small
" resistance for a big current passing through it is to send a large
" known current through the resistance and measure the P.D. at its
" terminals." The principle here recommended is (with the
difference in the method of measuring the "large known current")
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captain exactly the one used at Thames Ditton for measuring the resist-
Andersen a n c e °^ ̂ ' anc* described in the paper in section 3, " Measuring

" Amperes," and in section 6 under the head " Main Ampere-

" Eheostat." Eeferring to equation 7, it it clear that — is the

reciprocal of the known current, A being the resistance of
the standardising rheostat when placed in parallel {i.e.,
0-029071 ohm at 11-4° C), and e the E.M.F. of the standard
cell. ' Further, c (G-i -I- E) is the measured P.D. across the ter-

, minals of resistance B.
The apparatus at Thames Ditton, however, permits of the re-

sistance of B being measured in a different manner, as will be seen
by the following, in which any constant E.M.F. can be substituted
for that of the standard cell and a constant, but unknown,
resistance for A. We have from equations 8 and 5,

• A . =

and c — — ~ — ^ .
m K + (j

Inserting these values in equations 7, we get, adding the suffix b to
the E of equation 7, to distinguish from the E of equation 5,

.. (Ri, + G-)
(mE + G)'

Thus B is obtained by multiplying the resistance, S, of the standard
ohm into two ratios of resistances, and these ratios can be
ascertained with an accuracy of 1 in 10,000.

Professor Ayrton, after criticising the use of mercury cups
in connection with resistance A, says : "The buyer takes it for
" granted that he knows a resistance which is only about the
" one-thousandth of an ohm to something like the one-five-
" hundredth-thousandth of an ohm, since that is what is neces-
" sary if ' the errors to which the measurements Nare liable should
" ' not exceed one-fifth per cent.' And apparently the buyer
" has had such a belief in the goodness of the steam engines
" manufactured by Messrs. Willans & Eobinson that, on seeing
" the resistance of five strips of platinoid measured when in series,
" he has assumed, in spite of the mercury cups, that he could
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" predict the exact resistance of these strips when put in parallel p
" to one-five-hundredth-thousandth of an ohm." (The italics are ^ ^
our own.) Now the resistance consisting of five strips, and fitted
with mercury cups, is resistance A (see " Apparatus Required,"
p. 517—"1 standard rheostat," &c, and also p. 531, "Rheostat A"),
and its resistance, when in series, is 072659 at 14*8° C.; so that
for one-fifth per cent, of accuracy it need only be measured to
0*00145 ohm, and not to 0*000002, as stated by Professor Ayrton.
As before observed, however, one-fifth per cent, is the accuracy
aimed at in the determination of amperes as compared with abso-
lute values, and for this A must evidently be known much nearer
than one-fifth per cent., and the probable error of one determina-
tion is 0*007 per cent. The fact is, Professor Ayrton has confused
resistance A with resistance B, consequently his criticisms on
mercury cups, screw connections, &c, do not apply, in that
nothing of the kind exists in resistance B : everything is most
carefully soldered, and the current is distributed in the manner
mentioned by Professor Ayrton.

The objection to mercury cups is, of course, that their resistance
is liable to change. Now in the case of resistance A, whatever
the resistance of the mercury cups may be, it is measured and
taken into account when comparing B immediately afterwards.
It was shown in Captain Sankey's further remarks that l-25th

1 2
of the resistance of A in series is -z s + -^ m, and that the

o 1U
resistance in parallel is — s + — on. It may be objected that

5 5
the m in the first case has not the same value as the m in the
second case, seeing that different mercury cups come into use
in each case. We have therefore measured the resistance of a
number of these mercury cups, and find that it varies from
45 120
To6 *° ~U)S\ o n m # The greatest possible error is therefore
evidently — ( -^- — - ^ h or 0*05 per cent., which would occur

O \ 1U it) /
if all the mercury cups when in series had the higher resistance,
and all those when in parallel the lower resistance, or vice versa—
of course, a most unlikely arrangement. We think, therefore, that

VOL. xx. 39
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Captain our contention that A can be measured in series and used in
Sankey

and Mr. parallel is well established. Professor Ayrton says : " But if the
Andersen. r . J. J

" only way of ascertaining this fact is by an actual measurement
" of their resistance in parallel, why put the strips in series at all
" to measure their resistance, and why use any mercury cups and
" copper bridge-pieces ? " The above, we think, shows that there
is another way of ascertaining this fact; but as regards the
latter part of the sentence, we have to observe that at the time
resistance A was designed the method of comparison with the
standard ohm described at p. 533 had not been thought of, and
it is really this arrangement which has enabled us to measure
a resistance as low as 0*02907 with an error certainly not more
than 0*1 per cent. On the other hand, the arrangement of A with
mercury cups is convenient at Thames Ditton for other purposes.
Whereas, therefore, we see no objection to the use of mercury
cups in an intermediate resistance like A, they are not in any way
necessary to the system of measurements.

As there has been misunderstanding on the point, we repeat
that A is not used for measuring large currents, but that B is used
for this purpose.

Professor Ayrton raises the question of " faith." As far as we
are concerned, the faith extends only to the standard ohm and the
standard cell. No other resistances were accepted; they were.
compared with the standard ohm. In conformity with condition 1
(page 517),it was not possible to extend the faith even to a Thomson
balance.

Professor Ayrton himself apparently does not entirely rest on
his faith in the Thomson balance, but uses a "copper-deposit
" check" on this instrument. He says, however, that such a
check " would be quite unnecessary at a works like Thames
" Ditton." We do not know why this check is considered " quite
" unnecessary ; " we, however, think it is quite unsuited, and for
the following reasons:—To deposit copper with the standardising
current of 50 amperes requires a considerable depositing surface,
which means large plates. These plates have to be weighed
twice after very careful washing and drying, and the balance
used must be capable of weighing a considerable weight with
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great accuracy. The weight of copper deposited is the difference P
between these two weighings, and the percentage accuracy of the Anders
determination is of course considerably less than the accuracy of
one weighing, especially as the errors in the weight may be in
opposite directions. The depositing current must be kept
constant from the beginning to the end of the test, which is
not easy to do without a special device, and the duration of
the test—that is, from the instant of closing the circuit to the
instant of opening it again—must be accurately timed. Great
care must also be exercised with regard to the solution and to
the purity of the copper. It is to be observed that any slip
invalidates the result past recovery. We think Prof. Ayrton's
students are much to be congratulated that they are even
" beginning to get successive determinations of the constant
" thus obtained to agree to 0*06 per cent."

As a minor point, Prof. Ayrton says: " A little consideration,
" however, will show that the authors have not, with the apparatus
" they have arranged, fulfilled the. conditions they started by
" imposing on themselves. . . . Measuring a current of l-40th
"ampere to one-fifth per cent, would necessitate, with the
" apparatus they employ, that the1 deflection should be read
" accurately to the'one-thousandth of a millimetre." Now resist-
ance A is part of the apparatus, and, of course, would be used
instead of B to measure small currents, and for l-40th ampere
would be placed in series. To obtain an accuracy of one-fifth
per cent, a reading of 500 on the ampere scale is required, and
the constant should therefore be 0*00005. Hence, according to
equation 1, but replacing B by A (= 0*7266), we have for the
resistance to be placed in series with the galvanometer,

EA = 0*00005 ^ 106 - 429 = 176 ohms.

It follows, therefore, that l-40th ampere can be measured by the
apparatus with the specified accuracy of one-fifth per cent.

Professor Ayrton concludes his criticism with some sugges-
tions of improvements in the apparatus, which are said to be
due to Mr. Mather. As has already been explained, the pro-
posed platinoid galvanometer would not enable the various.
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Captain measurements involved in the system to be made with sufficient
Sankey J

AMereen. accuracy, and the proposed platinoid sheets, being 0*4 inch thick,
would, according to our experience, so far from doing away with
the necessity of temperature corrections, increase the present
ones. It is not thick sheets that are required for this purpose,
but thin strips, in order to provide abundance of cooling sur-
face for the energy given to the rheostat. Another objection to
thick sheets is that the interior will be warmer than the exterior.
This will alter the distribution of the current, and thus increase
the resistance of the platinoid sheets.

A further disadvantage of the proposed plan is that the
galvanometer would work with comparatively strong currents,
and fresh errors would be introduced by heating in the resistance
coils used in series with the galvanometer, by small resistances in
the contacts of the key, &c.

Mr. Swinburne has said that he prefers a commercial voltmeter
or ampere-meter to a reflecting galvanometer, and that if the
former are not accurate, then all that is necessary is to calibrate
them. On this point we have to say that such a process formed
part of the scheme when the system under discussion was intro-
duced at Thames Ditton. Messrs. Willans & Eobinson possess a
great number of the best commercial voltmeters and ammeters from
various makers. It was found that when these instruments were
placed sufficiently far away from the engines and dynamos, and
tested by the new apparatus, the accuracy of their calibration left
very little to be desired: in almost all cases they would measure
accurately to within three-fourths of 1 per cent. But when they
were placed near the steaming bed, where the dynamos are
tested, then discrepancies were discovered up to 3 and even 5 per
cent.; and it is simply impossible to make sure of the results
under these circumstances, as the errors alter when a new dynamo
is started or stopped. Naturally, therefore, the commercial
instruments are now used only for the purpose of indicating that
the load on any particular dynamo is roughly correct, whereas
the readings for measuring purposes are taken on the standard
instruments.

Eeference has already been made (by Mr. Andersen) to the
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main point in Mr. Trotter's remarks, viz., the question whether the Captain
d'Arsonval reflecting galvanometer is a suitable instrument for
workshop use. But, as the question is of great importance, we
should like to add a few words to what we have already said. Apart
from the fact that all ordinary electro-magnetic instruments are
liable to be affected seriously in their indication when used in the
vicinity of dynamo machinery in action, another difficulty arises
when, in the course of the test of a dynamo at varying output, you
step down from a stronger to a'weaker current: then the deflec-
tion on the electro-magnetic instrument does not exactly follow,
but decreases less than the corresponding current. It would
therefore be impossible at the present time, even if we shared
Mr. Trotter's opinion that an instrument with a pointer is
preferable to a reflecting galvanometer, to have fixed on the
use of any particular type of commercial instrument, quite
irrespective of the fact that some kind of standard such as
Siemens's dynamometers or Sir William Thomson's balance would
under any circumstance be required to check the commercial
instruments. But coming now to the question of the best
arrangement for taking readings, we do not think that engineers
who have once worked with a good d'Arsonval galvanometer
will ever part with it in favour of instruments with pointers.
Headings can, of course, be taken to. greater accuracy with the
spot than with a pointer: the sensitiveness of the reflecting
galvanometer is absolute ; the dead-beatness may be almost
perfect; and the range, when using the arrangement with resist-
ances in series with a sensitive galvanometer, is easily made to
cover the Whole of the requirements of a shop by means of a
single instrument. These are advantages which you cannot
equal with the ordinary commercial instruments.

We agree with Mr. Crompton that the null method is more
accurate, but only so long as the current to be measured is steady.
For this reason we have used the null method to measure current
when comparing resistance B with resistance A (see page 530);
when the current is unsteady (however little), we prefer the
deflectional method, and by calibrating the mean reading we gain
the advantage claimed by Mr. Crompton for the null method
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Captain
Sankey
and Mr.
Andersen.

Mr.
Siemens.

when he says that " no disturbance or interference with the
" instruments is likely to cause unsuspected errors."

The CHAIRMAN : There is one feature about this paper not
alluded to by anybody except briefly by Mr. Trotter, viz., that
when this Institution was founded electrical engineers measured
by miles of iron wire.and by Daniell cells, and I think this paper
affords a proof of how much the profession of electrical engineer-
ing has since become a " science." If we are able to attain
an accuracy of one in ten thousand, it certainly shows that
profession to be working in. a very scientific manner, and I
doubt if any other branch of engineering can show so much
progress in 20 short years.

I will now ask you again to .give our best thanks to theauthors
of the paper, and to those who have contributed to the .discussion.

The following candidates iwere declared by the .sc rutineersto
;be duly elected •:—

{Foreign Members-:

Thomas Commerford Martin.
Paul Koux.
Mkola Tesla.
.Joseph Wetzler.

Members:
Lee L. Murray.
Thomas George Poole.
Stuart Arthur Eussell.
Malcolm Sutherland.

Auguste Bonel. '
0. T. Crosby.
William Dierman.
John Henrik Hammar.

James Thomas Baron.
James S. Fitzmaurice.
Charles James Hall.
H. H. Kingsbury.
Major Percy A. Macmahon,R.A.,

F.B.S.
William White.

.Associates :
William Armistead.
Frank Boulton Aspinall.
James T. Auchinachie.
Grustav Adolph Boettger.
E. W. Bramble.
Harry Buchanan.

•Edward Burn.
Ernest John Clamp.
Thomas Cockerill.
William W. Cook.
William Arthur Cox.
H. K. Dando.
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